Reserve capacity of the elderly in aging-sensitive tests of fluid intelligence : replication and extension first published in:
Fluid intelligence belongs to that cluster of intellectual abilities evincing aging loss. To examine further the range of intellectual reserve available to aging individuals and the question of replicability in a new cultural and laboratory setting, 204 healthy older adults (mean age = 72 years; range = 60-86) participated in a short-term longitudinal training study. For experimental subjects, 10 sessions consisted of cognitive training involving two subability tests (Figural Relations, Induction) of fluid intelligence. The pattern of outcomes replicates and expands on earlier studies. Older adults have the reserve to evince substantial increases in levels of performance in fluid intelligence tests. Transfer of training, however, is narrow in scope. Training also increases accuracy of performance and the ability to solve more difficult test items. Difficulty level was estimated in a separate study, with a comparable sample of N = 112 elderly adults. Future research is suggested to examine whether intellectual reserve extends to near-maximum levels of performance.
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to raise significantly their level of performance in tests of fluid intelligence.
In the present article we report a study that, through replication and extension, contributes to enlarging our data base about the topic of intellectual reserve capacity in old age. The replication part addresses the question of whether performing training research in a different laboratory and cultural context (West Germany) and with a larger sample, t results in similar outcomes. Extension consisted of two aspects. Training was expanded to include, in the form of dual-ability training, more than one subability of fluid intelligence in the training module. Thereby^we explored further the scope of intellectual reserve available to older adults. In addition, we considered the question of level of difficulty and accuracy of performance. This permitted us not only to examine average level of performance, but also to explore some of the processes associated with changes in performance level.
Method
Detailed information about rationale, test battery, and training programs is contained in earlier publications (Baltes & Willis, 1982; Blieszner et al, 1981 .
Subjects
The study sample (N = 204), on which the main analyses reported here are based, consisted of 155 female and 49 male older adults (average age = 72 years; range = 60-86 years) from Berlin, FRG. All of the subjects were volunteers, physically able to come to the laboratory. Reported subjective health was above average (M = 3.7, SD = .7, on a 5-point self-report scale). Average educational level (roughly comparable to U.S. information on educational history) was 11 years (SD = 2.7). When comparing level of intellectual performance on equivalent tests (figural relations, induction) with the U.S. samples from rural Pennsylvania (e.g., Hofland et al., 1981) , the Berlin sample scored about 0.5 SD higher. In terms of interindividual variability, the Berlin sample was also slightly more heterogeneous.
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Procedure and Design
The experimental-control group design involved three main parts: a pretest, cognitive training, and three posttests administered 1 week, 1 month, and 6 months following training. The test battery given at pretest and at all posttests was identical and consisted of eight subtests (cited later in the article). Participants were randomly assigned to one of two experimental groups or to a no-contact control group. Earlier research had shown that a contact control group was not necessary.
The cognitive training program consisted of 10 sessions conducted in 1 month. Five consecutive sessions each dealt with the fluid ability figural relations, and the other 5 with induction. The sequence of presentation of the two training modules was counterbalanced. One half of all of the subjects (experimental and control) participated in an additional intermediate posttest after experimental subjects had completed the first 5 training sessions, which dealt with one or the other of the two training modules. At this intermediate posttest, the same test battery was given as at the other occasions of measurement. The intermediate test given to a subsample after 5 sessions permitted a replication of the single-ability training studies, which dealt, however, with only 1 posttest occasion.
Thus, the main study design followed a3X2x8X3 (Groups [two training constellations, one control] X Intermediate Test X Tests X Posttests) arrangement, with groups and intermediate as between-subject, and tests and posttests as within-subject factors. Analyses dealing with the counterbalanced presentation of the two training modules are not presented here. Their findings do not alter the results reported.
Measures
At pretest and at each of the three posttests, a 3.5-hr battery of intelligence tests was administered. The battery was chosen to measure the domain of fluid and crystallized intelligence such that a fine-grained analysis on the level of subabilities of fluid intelligence was possible. In addition, because training may result in increase of speed of information processing, two measures of the intelligence factor, perceptual speed, were included (Baltes & Willis, 1982) . Depending on their similarity to the training program, the eight tests of the battery can be ordered from nearnear through near to far transfer (as identified in Table 1 and graphically arranged in Figure lj . Information about the factorial composition is reported by Baltes, Cornelius, Spiro, Nesselroade, and Willis (1980) .
Dropout Analyses
Eleven percent of the participants dropped out during pretest, before being assigned to design conditions. Of those completing the pretests, 67% of the experimental and 72% of the control subjects had complete data protocols for the entire 8-month period of the study. Subjects with complete data protocols at pretest and at all posttests constitute the study sample (N = 204). The possible selection effect of dropout was analyzed using pretest scores on several control variables (age, reported health, education, and average test performance). Dropouts differed in two of the variables from the continuing participants. They showed lower initial test performance (0.7 SD) and had a lower average level of education (0.8 SD). The continuing experimental and control subjects, however, did not differ in dropout characteristics. Thus, the dropout selection effect affected only the overall characteristics (external validity) of the sample and not the internal validity of the experimental-control comparison.
Training Program
The two experimental groups were trained in two subabilities of fluid intelligence: figural relations and induction . Each of the two fluid subabilities was trained for five consecutive sessions of 1 hr each. The two experimental groups differed only in the order in which they received the training.
The training programs were developed through task analysis of the items and rules contained in established tests of figural relations and induction. None of the items used in training was identical in content to the ones constituting the standardized test forms used to assess training effectiveness. The training program, conducted in small groups of 6 to 12 participants, focused on helping subjects to identify rules and concepts and to use them in solving the types of problems associated with figural relations and induction. The tutor and participating subjects modeled how to identify and use the rules; subjects practiced employing these strategies. Feedback and discussion about ttiese strategies, as well as about the possibility of using alternate strategies, followed. Further information about the training program is contained in Blieszner et al. (1981) and Willis et al. (1981) .
Results and Discussion
The data were transformed into a common metric for all tests (M = 50, SD = 10), using the performance of all of the control subjects at pretest as the measurement space. Individual changes from pretest scores were used as dependent variables and analyzed with a multivariate analog of a 3 X 2 X 8 X 3 mixed-model analysis of variance (ANOVA) and a priori specified orthogonal contrasts.
There is controversy in the literature over the use of change or gain scores (Cronbach & Furby, 1970 
Training Effects and Pattern of Transfer
Of central concern for the present study were differences between groups and their interactions with tests indexing different degrees of potential transfer. The group main effect and its interactions with performances on different tests were entirely restricted to differences between experimental and control subjects (contrast control vs. experimental subjects, F(l, 198) = 40.5, p < .01; contrast between two experimental groups, F(l, German form of KFT (Beltz); similar to Ekstrom et al., 1976 Note. Bibliographic references to sources of tests are contained in Willis, Blieszner, and Baltes (1981) . The terms fluid, speed, and crystallized'refer to general intelligence dimensions. All measures were included at all occasions of assessment. More complete information on tests and their factorial structure is contained in Baltes, Cornelius, Spiro, Nesselroade, and Willis (1980) . 
198) = .3, ns). Thus, it did not matter in which order
Maintenance of Training and Retest Effect
The significant effect of time of posttraining assessment (three posttests) was further analyzed by orthogonal contrasts. They indicated that there still was significant improvement from the first to the average of the second and third posttest, F(l, 198) = 58.5, p < .01. Performance dropped significantly, however, from the second to the third posttest, F(l, 198) = 20.4, p < .01. Nevertheless, mean performance after 6 months was still slightly above the performance at the first posttest.
Retesting
The effect of testing practice, measured most directly in the four test repetitions of the control group, was substantial (see Figure 1 ). The effect of testing affected all tests of the battery. The magnitude of average retest gains from pretest to the average of the three posttests was 0.85 SD for the four near-near and near-transfer tests when measured in the initial metric of pretest.
Subject Differences
We analyzed also whether amount of gain varied with subject characteristics (initial performance level, age, and education). The design permitted an age variation along lines of a youngold versus old-old distinction. Using an unweighted average of the four tests that showed significant training effects, a significant main effect of age at the 1% level of significance (persons under 70 years of age exhibited a larger gain than did older persons, amounting to 0.1 SD) and a marginally significant Initial Performance Level X Treatment interaction (0.1 SD, p < .1) were obtained. Persons with lower initial ability or level of performance profited less from training. Compared to the magnitude of the main effects of training and testing, however, these age effects are rather small. The dominant statistical finding is that both the young-old and the old-old exhibited substantial gains.
Level of Difficulty and Accuracy
A new feature of this study is the attempt to examine more broadly than in past research whether changes in level of test performance are accompanied by changes in the qualitative nature of performance. Level of difficulty and accuracy were considered for this purpose. For example, it could be that trained subjects may have improved exclusively on items that were relatively easy, or that they simply tried to answer more items than did control subjects, thereby benefitting from guessing (Hofland et al., 1981) .
Level of difficulty. Because test order of items is fixed in standardized psychometric tests of intelligence and because many tests are given under speeded conditions, serial position and difficulty level of test items are easily confounded (often subjects do not reach the last items of a test). Difficulty level, therefore, needs to be estimated from independent evidence.
For this purpose, a parallel study with a comparable sample (N = 112) was conducted in which level of difficulty of the items considered in the near-transfer tests was estimated without the confounding produced by serial position and speeded instruction. Induction and Figural Relations tests were given to random subsamples in test halves and counterbalanced order (odd: ascending, descending; even: ascending, descending). In addition, test time was extended by a factor of four in order to approximate a power condition of assessment. Based on these results, average probability of correct answers was computed as an estimate of difficulty level for each test item. The difficulty level per item obtained was then used to categorize test items of the main study into thirds: easy, medium, and difficult.
When analyzing performance of subjects in the main study at the first posttest by level of difficulty, we obtained the following results. All of the subjects solved more items correctly in each of the three difficulty levels compared to their pretest performance. Furthermore, experimental (ability-trained) subjects solved significantly more items at all levels of difficulty than did control subjects. Specifically, averaged across the four tests exhibiting training gains, experimental subjects correctly solved 8%, 9%, and 8% more items, respectively, in the easy, medium and difficult conditions. Thus, the training effect was not restricted to items of low-level difficulty.
Accuracy. When computing the total number of items attempted in the four near-transfer tests at the first posttest, the experimental and control subjects did not differ. The average percentage of unattempted answers was 22.5% for experimental and 23% for control subjects. Level of performance differences between experimental and control subjects, therefore, are likely to be associated with differences in accuracy.
Accuracy was analyzed by considering percentage of correct and wrong answers (commission errors).
1 As to correct answers, experimental and control subjects significantly improved their accuracy at all levels of difficulty. What about wrong answers (commission errors)? Here, control subjects showed no change, whereas experimental subjects significantly decreased their percentage of error at all levels of difficulty (5%, 11%, and 9%, respectively, for difficult, medium, and easy items). The counterpart nonsignificant data for control subjects were an increase of 4% for difficult, and a decrease of 3% and 1%, respectively, for medium and easy items. Increased accuracy, then, seems to be an added benefit of ability-specific training when compared to retesting experience alone.
Conclusions
We interpret the present study as demonstrating replicability of findings collected in another laboratory, on a larger and different (city vs. rural) sample, and in a different cultural setting. The fact of replication gains in significance for two reasons. First, educationally based training research such as the present study involves a fair degree of uncertainty, as the training program is not fully anchored in fixed steps of implementation. In educa-tional intervention research, positive replication is a somewhat rare though much aspired outcome. Second, sample selectivity in Pennsylvania and in Berlin differs considerably, with the Berlin sample representing a more educated population. Together, the two samples cover a fairly broad spectrum of demographic variation.
The major exception to replicability involves lack of transfer to the Raven, a test which in our view is to be considered as a part of the near-transfer spectrum. On this basis, we conclude that the transfer pattern obtained (to the four nearest transfer tests only) is indicative of fairly narrow limits of transfer.
The extension part of the study showed that reserve capacity of many older individuals in fluid intelligence is even more extensive than indicated in previous research. Our subjects exhibited sizeable training gains following experience with two abilities covering a broader range of fluid intelligence. In addition, we have shown (a) that subjects were able to solve more difficult items following practice and training and (b) that ability-specific * training resulted in reduced error of performande (or increased accuracy) at all levels of difficulty. The benefits accruing from training, therefore, are not due only to an increase in response speed. Added cognitive skills, permitting more accurate problem solution and the solving of more difficult items, seem to be present as well.
To prevent possible misinterpretation of our research on reserve capacity, some cautionary comments are necessary. The results do not imply the following three conclusions. The first would be that older adults profit more from intelligence training than do young adults. As there are no good age-comparative studies on training gain, knowledge about the extent of reserve capacity available in different age groups is not available. The second possible misinterpretation deals with the question of scope of the training effect. The training program did not raise level of intelligence as a whole but is restricted to those test domains that were part of training. We have, however, no evidence that a more broadly based increase of intellectual performance might not, in principle, be possible if training were wider in scope. The third possible misinterpretation would be that all aging individuals display the reserve capacity reported here. We do not know the subject generality of our findings. Whereas we do believe that many elderly individuals up to the age studied are capable of major training benefits, as reported here, we need to reemphasize that our samples are clearly biased toward the healthy elderly and most likely do not include persons who suffer from manifest brain-related diseases such an senile dementia of the Alzheimer type (Hoffmeister & Müller, 1979 ; La Rue & Jarvik, 1982).
In related conceptual papers (Baltes, 1984; Baltes et al, 1984 ; Kliegl & Baltes, in press), we have expanded theoretically on several lines of research emanating from the existence of substantial intellectual reserve capacity in older adults. Among others, one focus stressed has been to extend cognitive training research to the study of limits of functioning. We have argued that the reserve capacity available to older adults may be restricted to the "normal" range of intellectual functioning in terms of level of difficulty (Fries & Crapo, 1981; Salthouse & Somberg, 1982) . At near-maximum levels of performances, we expect to obtain, possibly, a different window for the study of intellectual reserve capacity.
